Objective. To determine the effect of heart attack patients' access to intensive treatment on mortality and costs. Data Sources. Administrative data of 4,920 patients with acute myocardial infarction from the Austrian Social Security Database and the Upper Austrian Sickness Fund for the period 2002-2011. Study Design. As treatment intensity in a hospital largely depends on whether it has a catheterization laboratory, we explore the effects of patients' initial admission to such specialized percutaneous coronary intervention (PCI) hospitals. To account for the nonrandom selection of patients into hospitals, we exploit individuals' place of residence as a source of exogenous variation in an instrumental variable framework. Principal Findings. We find that the initial admission to PCI hospitals increases patients' survival chances substantially. The effect on 3-year mortality is À9.5 percentage points. Subgroup analysis shows the strongest effects in relative terms for patients below the age of 65. We do not find significant effects on long-term inpatient costs and only marginal increases in outpatient costs. Conclusions. Our findings suggest that place of residence affects the access of patients to invasive heart attack treatment and therefore their chance of survival. We conclude that that providing more patients immediate access to PCI hospitals should be beneficial. Key Words. Acute myocardial infarction, mortality, costs, instrumental variables Coronary artery disease (CAD) is the leading cause of death worldwide. The WHO (2014) estimates that 7.4 million people died from CADs in 2012, representing 13.2 percent of all global deaths. A heart attack, or acute myocardial infarction (AMI), is a common and life-threatening case of CAD requiring immediate treatment. The "gold standard" of treatment evaluation is randomized controlled trial (RCT). As different treatments are randomly assigned to patients, these trials promise a high internal validity. However, external validity is often disputable, in particular, if selective eligibility criteria determine
the participation in trials. In the case of AMI treatment, for instance, better outcomes have been found for RCT participants compared to eligible but nonparticipating patients, and also compared to unselected cohorts of AMI patients (Terkelsen et al. 2005; Steg et al. 2007) .
In this study, we extend the existing knowledge of heart attack treatment by analyzing observational data from Austrian administrative databases. Compared to RCTs, the analysis of observational data allows for a more general treatment evaluation of a real-world patient population. However, selection bias is a fundamental concern when using observational data. We use an instrumental variable (IV) framework to account for this potential bias. We focus on the role of catheterization laboratories (cath labs), which are necessary to perform invasive treatment procedures, and estimate the causal effects of an initial admission to a hospital equipped with a cath lab on mortality and follow-up costs. In contrast to evaluations of specific medical interventions, the estimated effect can be interpreted as the combined effect of being treated at a specialized hospital, including potential medical procedures, and the knowledge and skills of specialized hospital staff. We believe that these estimates are interesting from two perspectives. First, the initial hospital admission reflects the actual choices made in emergency cases. Second, the estimates are relevant from a health provision perspective because political decision makers do not choose between alternative treatment procedures, but decide on the regional allocation of medical facilities and hospital specializations.
As instruments, we use the information on individuals' place of residence, in line with previous studies. For instance, James, Li, and Ward (2007) use the distance from patients' residence to the nearest urban hospital to assess the differences in quality of care between rural and urban hospitals, while Frances et al. (2000) examine the effects of physician specialty on the mortality of elderly AMI patients. McClellan, McNeil, and Newhouse (1994) and Cutler (2007) exploit the differential distance to hospitals in an IVapproach to analyze the effectiveness of alternative treatment procedures for elderly heart attack patients. Differential distance captures the additional distance between patients' closest hospital and the closest specialized hospital performing more invasive treatment procedures. The instrument is motivated by the idea that patients often seek treatment at close hospitals, and thus, patients' residence should be highly predictive in determining treatment intensity.
A concern when using this instrument to evaluate specific treatments is that many treatments and other aspects of care at the hospital level are correlated (see, e.g., Cutler 2007) , and it is difficult to attribute the observed effects to a single factor. In contrast to previous research, we distinguish between hospital types and use this IV to evaluate the effect of patients' initial admission to hospitals equipped with a cath lab versus the initial admission to hospitals without a cath lab. Furthermore, our dataset includes patients of all age groups, allowing reliable conclusions on the complete spectrum of patients and the analysis of effect heterogeneity.
BACKGROUND AND METHODS

Heart Attack Treatment
The primary goal of infarction treatment is to reestablish proper blood flow to the heart. Depending on the type and severity of the AMI as well as the knowledge of specialized hospital staff and equipment of each hospital, patients receive different treatments. Thrombolytic therapy uses clot-busting medication that opens the artery by dissolving the blood clot. Percutaneous coronary intervention (PCI) encompasses more invasive procedures that necessitate a cath lab. These labs are equipped with diagnostic imaging equipment to identify the affected artery narrowing using cardiac catheterization. The result of the diagnostic procedure may lead to further clinical treatments including percutaneous transluminal coronary angioplasty (PTCA) and the use of stents. During a PTCA, a balloon catheter is introduced into the occluded vessel and expanded to minimize the blockage. Stents are small mesh tubes that are inserted into the vessel to reduce the probability of reocclusions. The most invasive AMI treatment is a coronary artery bypass grafting (CABG). However, its usage is less common than PCI (Babaev et al. 2005) in an emergency case and is often recommended only if PCI fails or cannot be performed (Hillis et al. 2011) .
Electrocardiogram tracing can distinguish between two types of heart attacks. ST-elevation myocardial infarction patients require immediate opening of the artery with thrombolytic therapy, PCI, or CABG procedures. Non-ST-elevation myocardial infarction is treated with medication, but it may also be subsequently addressed using PCI procedures. 
Methods
In this study, we compare the effects of initial admission to PCI hospitals, which are equipped with cath labs, with those of admission to non-PCI hospitals. A selection bias may arise owing to the endogenous choices of hospitals and treatments by physicians, paramedics, or patients. These choices may depend not only on observed factors (e.g., age and comorbidities) but also on unobserved factors (e.g., health status, type and severity of the heart attack, and preferences). We apply an IV framework to account for this potential bias and estimate the following equations:
Equation (1) represents the first stage of the two-stage least squares (2SLS) estimation. This is a linear probability model explaining hospital choice, where p i is a dummy variable indicating whether patient i is initially admitted to a PCI hospital on the day of infarction. The second stage (2) estimates how the hospital type affects various patient outcomes y i including mortality and costs in the inpatient and outpatient health care sector. The term X i is a vector of control variables.
The instrument z i measures the distance from the patient's residence to the closest PCI hospital. Following the literature (McClellan, McNeil, and Newhouse 1994; Newhouse and McClellan 1998; Cutler 2007) , we construct a measure of differential distance as the distance between a patients' residence and the closest PCI hospital minus the distance from the residence to the closest hospital regardless of type. A differential distance of zero occurs if the closest hospital is equipped with a cath lab. A small differential distance indicates that the patient lives relatively close to a PCI hospital and therefore can be expected to have a higher probability of receiving more invasive AMI treatments compared to patients with larger differential distances. Differential distance is defined according to the ZIP code centroid of a patient's residence and the exact geographic location of the hospital facilities. Thus, the actual hospital choice of a patient does not affect the instrument value. We measure the distance in driving time rather than the straight-line or traveling distance to account for the quality of road connections. In our preferred specification, we divide the differential distance into nine groups and use the corresponding dummy variables as instruments.
In our main regressions, we focus on the first hospital a patient is admitted to and show how this initial decision influences the patient's outcomes. We therefore avoid potential selection bias in comparison to approaches that analyze hospital type at a specific point in time days after the infarction occurred. Necessarily, patients who are transferred between hospitals have already survived the first day(s) after the heart attack and represent an endogenously selected sample of patients.
The outcome of primary interest is mortality, which is measured as a binary variable (alive/dead) at different points in time after the heart attack was diagnosed. In separate second-stage regressions, we also estimate the effects on inpatient and outpatient expenditures. To explain the observed pattern of inpatient costs, additional results using the length of hospital stays as an outcome variable in the IV framework are provided.
Control variables X i include age, gender, and the year of heart attack to control for systematic differences in the observed period. Further covariates are health proxies derived from the patient's medical history and proxies for the time until emergency care is available. The latter is measured by the driving time to the nearest ambulance station and to the hospital to which the patient was actually admitted.
Instrument Validity
We interpret the IV estimates as local average treatment effects (Imbens and Angrist 1994) providing the causal effect of an initial admission to a PCI hospital for patients affected by the differential distance. One requirement of a valid instrument is that it is correlated with the endogenous explanatory variable. We show in the first stage that distance has a strong impact on the probability that AMI patients are admitted to a given hospital.
The exclusion restriction requires that the instrument affects patients' outcomes only through hospital choice. This implies that differential distance must not correlate with the unobserved factors influencing mortality and follow-up costs. Our dataset provides important information on patient characteristics, but we cannot observe the actual severity and type of heart attack. These circumstances also determine the treatment and chance of survival. However, it seems a plausible assumption that the severity and type of heart attack are conditionally unrelated to patients' residence and differential distance is therefore a valid instrument.
The exclusion restriction also reveals why we refrain from using specific medical treatments as endogenous variables. A cardiac cath lab offers the possibility of several invasive treatments being frequently applied sequentially to the same patient. Moreover, there are unobserved factors, such as the availability of specialized staff, which might affect mortality independently from the actual treatment. These individual components of health care are jointly affected by the instrument and cannot be properly disentangled in the IV framework. We therefore focus on the initial admission to a PCI hospital as our explanatory variable of interest.
Finally, the assumption of monotonicity requires that all individuals be affected by the instrument in the same way. In our framework, this implies the plausible assumption that for any patient, the probability of being admitted to a PCI hospital should decrease with the distance to this hospital type.
Data
Our empirical analysis is based on 4,920 patients who were hospitalized with their first AMI in [2005] [2006] [2007] [2008] . The outcome and control variables draw on data from the 2002-2011 period.
1 All patients were insured with the Upper Austrian Sickness Fund (OÖGKK), which covers more than 1 million individuals (three-quarters of the total population) in the region of Upper Austria. Information on the date of death is derived from the Austrian Social Security Database and observed up to 3 years after the infarction. Hospital data with detailed information on medical treatments and costs are obtained from the Upper Austrian Health Fund (Landesgesundheitsfonds). Costs represent payments from the fund to hospitals and are based on the Austrian Diagnosis-related Group (DRG) System, which groups hospital stays according to diagnoses and treatment. The payment per group is determined with internal cost data from a sample of representative hospitals; this system is reevaluated and adapted periodically (Hagenbichler 2010) . The hospital sector in Austria is dominated by public and nonprofit hospitals. Hospital specializations and the allocation of large medical equipment such as cath labs are politically determined by the federal and provincial governments.
Additional variables regarding a given patient's socioeconomic characteristics and outpatient health-service utilization are provided by the OÖGKK. The dataset is used to construct different health proxies based on the patient's medical history prior to infarction and outcome variables for outpatient health expenditures based on information after the infarction. The health proxies are cumulative expenditures on outpatient medical care and medication and an indicator of whether the patient was admitted to a hospital because of a circulatory system disease. Each of these is measured for the2 years after the incidence. In contrast to the inpatient sector, expenditures in the outpatient sector are based on a fee-for-service reimbursement system. All health care expenditures are represented in Euros in 2010 prices.
The Google Maps service is used to calculate the differential distance, actual driving distance, and distance to the next ambulance station. The ambulance stations included in the analysis consist of establishments run by the Austrian Red Cross (Rotes Kreuz) and the Arbeiter-Samariter-Bund (ASBÖ) in Upper Austria.
RESULTS
Descriptive Statistics
The dataset covers 18 hospitals in the region of Upper Austria, six of which are classified as PCI hospitals. Five of these specialized hospitals are located in two major cities. Another hospital in the west of the province opened a cath lab in July 2008 and is coded as a PCI hospital from this time onward.
The characteristics of the patient population are summarized in column 1 of Table 1 . The average heart attack patient is 70.2 years old, 41.7 percent of patients are female, and 33.9 percent of patients died within 3 years after infarction. About half of the patients are initially admitted to PCI hospitals on the day of infarction. A comparison of PCI versus non-PCI hospitals (columns 2 and 3) indicates significant differences between the crude mortality rates, which accumulate to 17.4 percentage points higher 3-year mortality for patients being initially admitted to non-PCI hospitals. Patients admitted to non-PCI hospitals incur strictly lower inpatient and outpatient costs, and they receive invasive heart attack treatments less often within 1 year after the AMI. However, there are also differences in observable patient characteristics, which might contribute to differences in treatment intensity.
Columns 5 and 6 explore how the geographic location of patients' residence is related to characteristics, treatments, and outcomes. They present summary statistics when the median differential distance (9.73 minutes) is used as cut-off point to split patients into two roughly equal-sized groups. A driving distance below the median is associated with a higher likelihood of being admitted to a PCI hospital and of receiving more invasive treatments. Three years after the heart attack, the crude difference in mortality is about 8 percentage points in favor of patients facing distances below the median. Inpatient costs are almost equally distributed, but the long-run outpatient costs are significantly higher for the group of patients with distances below the median. Notes. This table shows the average characteristics, treatments, and outcomes of the full patient sample (column 1), patients divided by hospital type (column 2-4), and patients divided by differential distance (column 5-7). *The p-value is derived from a t-test for the difference between the two means. Expenditures are expressed in 2010 Euros. †
The health proxies capture expenditures and hospitalization rates owing to previous cardiovascular diseases within the last 3 years before the infarction.
First-Stage Results
We present distinct variations of the first-stage relationship and estimate the impact of differential distance on the probability of being admitted to a PCI hospital on the day of infarction.
Column 1 of Table 2 shows differential distance as a single scalar IV and reveals that one additional minute of driving time decreases the admission probability by 2 percentage points. A more flexible specification to account for variation in the distance measure is applied in column 2. Patients are stratified into groups according to their differential distance: 0-1, 1-2, 2-3, 3-5, 5-10, 10-20, 20-30, 30-40 , and more than 40 minutes. This procedure results in nine dummy variables included in the regression, with 0-1 minutes as the base group. The coefficients show a decreasing probability of being admitted to a PCI hospital if the differential distance increases. With this first-stage specification, we derive all the following second-stage results. Notes. This table summarizes the first-stage relationships. Column 1 uses differential distance as a single scalar variable, column 2 uses nine dummy variables that take value 1 depending on the differential distance category into which the observation falls. Robust standard errors are provided in parentheses, *p < .1, **p < .05, ***p < .01. Table 3 summarizes the results of the IV estimations alongside the sample mean of the respective outcome variables. Column 2 shows that initial admission to a PCI hospital has substantial effects on the chance of survival, beginning on the day of infarction. The 1-day mortality of heart attack patients decreases by 2 percentage points. The results further reveal a long-term survival benefit of À9.5 percentage points over the 3-year period following the infarction. The estimated effects are also sizable in comparison to the average mortality of heart attack patients (column 1). For instance, the estimated point estimate for the 3-year mortality represents 28 percent of the sample mean.
The estimation results for inpatient costs in column 4 show that the initial admission to a PCI hospital increases inpatient costs by €430 within 7 days after the infraction. However, the effect reverses over time and turns into cost savings of €815 within 90 days after the AMI. In the long run, the point estimate for inpatient costs is positive, though statistically insignificant. Considering the cumulative outpatient costs in column 6, the admission to a PCI hospital is associated with €426 higher expenditure 2 years after the infarction. In contrast to the mortality results, the magnitude of the cost effects Notes. This table summarizes the effects of patients' admission to PCI hospitals on mortality and follow-up costs. Columns 1, 3, and 5 show the mean of the dependent variable, and columns 2, 4, and 6 show the coefficient estimates. Each cell represents the results from a separate regression. All regressions include controls for age, sex, past expenditures on medical attendance, past expenditures on medication, previous cardiovascular diseases, distance to the next ambulance station, actual driving distance, and year of the AMI. Robust standard errors are provided in parentheses, *p < .1, **p < .05, ***p < .01.
is smaller when compared to average costs. The point estimates for 2-year inpatient and outpatient costs correspond to approximately 2.4 percent and 11.8 percent of the sample mean, respectively.
Heterogeneous Effects and Supplementary Findings
To explore potential heterogeneous effects, we analyze subgroups of the patient population according to age, sex, and medical history. Table 4 shows the results when the sample is split with respect to age. Considering the effects of the initial admission to a PCI hospital on mortality, the estimations reveal larger point estimates for patients above the age of 65 at any time after the heart attack. However, when the effects are viewed in relation to diverging average mortality (columns 1 and 3), the comparison reveals that there are larger relative survival benefits for younger patients. Of the patients above 65 years of age, 45.1 percent die within 3 years after the AMI. The point estimate of À10.0 percentage points therefore represents 22 percent of the mean mortality. Considering the counterparts, the estimated effect of À6.7 percentage points corresponds to 59.8 percent of the 3-year mortality. While admission to a PCI hospital increases long-run inpatient costs for the elderly, it leads to cost savings for patients below the age of 65. The outpatient cost pattern is similar and suggests larger increases for patients above 65. Tables S2 and S3 show further patient subgroups. A comparison of men and women reveals similar results considering relative effects on long-run mortality and statistically significant increases in outpatient costs only for women. With respect to the medical history of the patients, the relative effects on mortality are larger for symptom-free patients than for patients with past hospital visits owing to cardiovascular diseases. The second group also has the largest effects on long-run inpatient and outpatient costs among the considered subgroups.
Additional estimations offer possible explanations for the observed pattern of inpatient costs. Here, we use the number of days spent in hospital as an outcome variable in our IV framework. Table S1 in the Appendix summarizes the results and shows that the initial admission to a PCI hospital has a negative effect on the length of stay. For example, within the first 30 days after infarction, the difference between hospital types amounts to approximately 2 days (column 2). The effect is largely driven by hospital stays due to problems relating to the circulatory system (column 4). These results suggest that the initial admission to a non-PCI hospital implies, on average, longer inpatient treatment. This may explain the finding that admission to a PCI hospital decreases inpatient cost in the medium run (within 90 days after infarction). 
Robustness Checks
To determine the sensitivity of our results, we conducted robustness checks with different specifications or samples. The results for long-term outcomes are summarized in Table 5 and follow the IV framework outlined above. The IV approach would be invalid if patients likely to have severe heart attacks choose their place of residence with respect to the differential distance Notes. This table summarizes the effects of patients' admission to PCI hospitals on mortality and follow-up costs. Means of the dependent variable are shown in columns 1, 3, and columns 2 and 4 show the 2SLS estimates. Each cell represents the results from a separate regression. All regressions include controls for age, sex, past expenditures on medical attendance, past expenditures on medication, previous cardiovascular diseases, distance to the next ambulance station, actual driving distance, and year of the AMI. Robust standard errors are provided in parentheses, *p < .1, **p < .05, ***p < .01.
to PCI hospitals. For example, elderly patients with poor health status may move toward larger cities because of the availability of nursing homes and increased access to health care facilities. As a first test to account for this potential residential sorting, we restrict the sample to nonmovers and focus on only those individuals who did not change their place of residence in the past 3 years before AMI. Second, we focus only on patients who did not have a heart-related disease in the past. Both samples yield similar results in comparison to the baseline model. The only exception relates to the effect on outpatient costs for symptom-free patients, for which the point estimate is smaller and statistically insignificant. Notes. This table summarizes the effects of patients' admission to PCI hospitals on mortality and follow-up costs. Each cell represents the results from a separate regression. All regressions include controls for age, sex, past expenditures on medical attendance, past expenditures on medication, previous cardiovascular diseases, distance to the next ambulance station, actual driving distance, and year of the AMI. Additional SES controls are gross yearly income and a variable indicating whether the individual has an academic degree. Additional comorbidity controls include dummy variables indicating the following comorbidities: Neoplasms, diseases of the respiratory system, dementia, diabetes, and renal diseases. Robust standard errors are provided in parentheses, *p < .1, **p < .05, ***p < .01. Garabedian, Zaslavsky, and Soumerai (2014) discuss further potential confounders that might bias the results when distance is used as an instrument in observational studies. To check the dependence on rural versus urban residence, we restrict the sample to 1,350 patients living in the three largest cities of Upper Austria. These patients should be similar with respect to unobserved factors such as available infrastructure, health, living conditions, and general access to health care. While there are hospitals in each city, residents in one of the cities have limited access to a PCI hospital, with a corresponding differential distance of 28.7 minutes. Using our IV approach, we find that the initial admission to a PCI hospital has a significant impact on the mortality outcomes of the urban population. The effect on the 3-year mortality is À14.6 percentage points. Moreover, the 95 percent confidence interval includes the corresponding point estimate of the full sample. The effects on cumulative costs are qualitatively similar with no statistically significant effect on long-term inpatient costs (Urban patients I in Table 5 ). When the sample is extended to include smaller cities with a population of over 10,000 (Urban patients II), the point estimates are even closer to the estimated baseline results. To allow for socioeconomic status (SES) as a potential confounder, we obtained additional information from the pay slips that firms and pension-paying entities send to the Austrian tax authorities. We include the gross yearly income of the year prior to the heart attack and a variable indicating whether the individual has an academic degree as further covariates (Additional SES controls). As an additional check, we include 68 patients whom we excluded from the analysis because they were treated in distant hospitals and presumably were not in their residential area at the time of infarction (Entire patient population). In another specification, we add dummy variables indicating typical comorbidities including neoplasms, diseases of the respiratory system, dementia, diabetes, and renal diseases (Additional comorbidity controls). Compared to the baseline model, all robustness checks yield qualitatively very similar results.
Following the literature on the effectiveness of heart attack treatment in similar frameworks (e.g., McClellan, McNeil, and Newhouse 1994; Cutler 2007) , we redefine our endogenous variable and estimate models for which the time until admission to PCI hospitals is extended to 7, 30, or 90 days after the heart attack. For example, a PCI hospitalization within 7 days implies that the patient has an inpatient stay at a PCI hospital at some point between the heart attack and 7 days after the infarction. The results show that the point estimates for mortality and costs increase with the length of the potential hospitalization window. For instance, the effect on 3-year mortality increases from À16.6 to À21 percentage points when the window is increased from 7 to 90 days. This result can be at least partly attributed to the survivorship bias. As only living patients are transferred to PCI hospitals, the stock of patients arriving within 90 days of infarction is more likely to survive compared to patients admitted on the day of infarction.
DISCUSSION
Our results are in line with randomized trials, which generally find that heart attack patients benefit from invasive procedures. For example, Keeley, Boura, and Grines (2003) reviewed 23 trials and found that PTCA is better than thrombolytic therapy at reducing short-term mortality risk and other adverse outcomes. Studies with observational data using similar IV research designs also examine the effectiveness of invasive procedures. While McClellan, McNeil, and Newhouse (1994) find significant higher percentage point reductions in mortality for the first day after the heart attack, the use of catheterization procedures within 90 days reduces the cumulative mortality at 1-4 years by 5 percentage points at the most. Similarly, Cutler (2007) finds no statistically significant effect of revascularization procedures on cumulative mortality 3 years after infarction. Both studies rely on Medicare data for elderly AMI patients, and their findings contrast with ours that reveal large and significant effects for older heart attack patients.
In contrast to these studies, our identification strategy reveals the effect of an admission to a PCI hospital and not of medical procedures per se. PCI hospitals might improve the chance of survival from the combined treatment possibilities and skills of specialized hospital staff. In other words, the skills and knowledge of cardiologists might improve primary treatment, the quality of care, and patient mortality outcomes independently from the actual medical procedures. Furthermore, our analysis is based on a more recent dataset. Changes in medical practices and technology in previous decades may fortify the benefits of invasive health care.
Also related to our results are randomized trials that evaluate whether the transfer of patients to PCI hospitals is superior to on-site thrombolytic therapy for patients in hospitals without cath labs. De Luca, Biondi-Zoccai, and Marino (2008) showed in a meta-analysis that transfer to PCI hospitals is associated with a 1.2 percentage point reduction in 30-day mortality, which is small compared to our estimated effect of 8.8 percentage points. The difference in magnitude might be explained by the transfer-related time-delay to treatment, the exclusive considerations of ST-elevation myocardial infarction patients, and the selection of participants for these trials. For instance, the average mortality of heart attack patients participating in these trials is significantly lower in comparison to the patients in our administrative dataset.
A limitation of our study is that we only consider patients who survived until hospital admission. Individuals who die on the way to hospital affect our results to an unknown extent. If more individuals with severe heart attack die on the way to a PCI hospital than on the way to non-PCI hospitals, our estimates would be biased because the patients admitted to PCI hospitals represent a positively selected sample.
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A further question is how long-term survival of heart attack patients is related to medical interventions after the infarction. It is plausible that the hospital chosen for heart attack treatment is also more likely to be chosen for subsequent unrelated treatment. If PCI hospitals perform well in the former case, they might also perform well in treating other severe diseases such as stroke. The long-term survival of heart attack patients could therefore also depend on the quality of care for other diseases.
The estimated effects on inpatient and outpatient costs are also affected by survivorship bias, caused by the observed effects on mortality. Individuals who die do not induce any expenditure; therefore, ceteris paribus, a higher survival rate increases the probability that patients receive some medical treatment. Analogous to the results of the RCTs described here, one can question the generalizability of IV approaches. Following our identification strategy, we estimate the effect for the subpopulation of patients affected by the distance instrument. Without further assumptions, the effect cannot be translated to individuals for whom the initial admission is independent of their residence. Finally, despite the performed sensitivity tests which show that the results are robust with respect to changes in specification and sample, we cannot rule out the existence of unobserved confounding variables that bias the results.
CONCLUSION
We explore how cath labs affect the survival chances and follow-up costs of heart attack patients. The initial admission to PCI hospitals equipped with cath labs has significant and persisting causal effects on the chances of survival beginning on the day of infarction. The effect on 3-year mortality is À9.5 percentage points. Separating individuals into subgroups shows that patients below the age of 65 have the highest survival benefit in relative terms.
Considering costs, we find no statistically significant effect on long-term inpatient costs and that outpatient health care costs increased slightly.
We regard our results as complements to RCTs, which typically evaluate specific medical interventions. Compared to these studies, our estimates represent the interaction of treatment possibilities in a PCI hospital, including the use of AMI treatment procedures and the presence of specialized hospital staff. The approach thereby aims to address important policy-relevant questions concerning the organization of health care and the allocation of health care facilities. Our findings suggest that patients' place of residence affects their access to invasive heart attack treatments and therefore their chance of survival. We conclude that providing more heart attack patients immediate treatment at PCI hospitals should be beneficial. This could be achieved by for example, increasing the number of PCI hospitals or the number of direct admissions to existing PCI hospitals. In practice, expanding the number of PCI hospitals is a complex matter with presumably large (cost) implications for health care providers. Increasing the number of direct admissions, on the other hand, might increase the duration until patients receive invasive care and has to take capacity constraints of the existing hospitals into account, affecting patients' mortality to an unknown extend. Further research is necessary to assess potential consequences of changes in the treatment of heart attack patients.
The available data on hospital costs are DRG-based and therefore can only approximate actual therapy costs. More research with detailed cost data is needed for a thorough investigation of treatment efficiency. Questions on the generalizability of our results are also tasks for future research, using data from countries with different health care systems.
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